Combined QM(DFT)/MM molecular dynamics simulations of the deamination of cytosine by yeast cytosine deaminase (yCD).
Extensive combined quantum mechanical (B3LYP/6-31G*) and molecular mechanical (QM/MM) molecular dynamics simulations have been performed to elucidate the hydrolytic deamination mechanism of cytosine to uracil catalyzed by the yeast cytosine deaminase (yCD). Though cytosine has no direct binding to the zinc center, it reacts with the water molecule coordinated to zinc, and the adjacent conserved Glu64 serves as a general acid/base to shuttle protons from water to cytosine. The overall reaction consists of several proton-transfer processes and nucleophilic attacks. A tetrahedral intermediate adduct of cytosine and water binding to zinc is identified and similar to the crystal structure of yCD with the inhibitor 2-pyrimidinone. The rate-determining step with the barrier of 18.0 kcal/mol in the whole catalytic cycle occurs in the process of uracil departure where the proton transfer from water to Glu64 and nucleophilic attack of the resulting hydroxide anion to C2 of the uracil ring occurs synchronously. © 2016 Wiley Periodicals, Inc.